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Abstract 
Congenital tibial deficiency is a rare developmental skeletal disorder. When the surgical treatment fails the amputation 
and/or prosthesis is needed. Recent studies of prosthetic gait present only data for acquired case of prosthetic gait, mainly 
measured in comfortable self-selected speed, which does not reflect changes visible only during higher demands 
conditions i.e. faster gait. Prosthetic gait of acquired cases (i.e. traumatic amputation) differs from normal gait mostly in 
gait asymmetry (GA). However, it was not yet studied in a developmental case of prosthetic gait. In this case study, GA 
changes in different speed of walking with ankle-foot prosthesis were identified for unilateral congenital tibial deficiency 
in a young healthy man. Selected joint kinematic, spatial-temporal, and kinetic gait parameters were collected using 3D 
motion capture system and treadmill with force plate simultaneously. Mean values, SD, and symmetry indexes were 
calculated in different walking speeds and descriptively analyzed. Results show developmental prosthetic gait specific 
pattern and GA in most of the measured gait parameters. Kinematic parameters of joint angular ranges register 
decreasing GA with increasing gait speed on intact limb side. Spatial-temporal parameters present decreasing GA with 
increasing speed on the prosthetic limb side for double support and step duration. Kinetic parameters show increasing 
GA on intact limb in all parameters, except loading rate which decrease with increasing speed. In the case of congenital 
tibial deficiency, gait pattern, GA and compensatory mechanisms differ to the acquired prosthetic gait and depend on 
walking speed. These findings complete the missing point in prosthetic gait research and may serve as a base for further 
research of differences between developmental and acquired cases of prosthetic gait patterns. 
Keywords 
symmetry index, prosthetic, gait, congenital dysplasia of tibia, congenital tibial hemimelia, foot prosthesis, kinematic, 
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Introduction 
The congenital tibial deficiency is a developmental 
skeletal malformation of a lower limb. This rare disorder 
with occurrence 1 per 1 million births is also known as 
congenital hemimelia, dysplasia, or aplasia of tibia and 
is characterized by shortening or missing of tibia bone 
with possible accompanying anomalies i.e. deformation 
of the foot, mirror foot, polydactyl occurrence, distal 
insertion of the quadriceps, vasculoneural anomalies, 
and other congenital abnormalities [1, 2]. Such 
developmental cases are solved surgically either by 
bone’s prolongation, joint reconstruction or transtibial 
(TT) amputation with following ankle-foot prosthetic 
management [1, 3, 4]. 
Research of acquired cases of prosthetic gait (i.e. after 
trauma or vascular related amputations) which are more 
common than developmental cases, refers that unilateral 
prosthetic gait is characterized by increased between 
limb gait asymmetry with distinct adaptive strategies 
of temporal-spatial, kinematic, and kinetic gait patterns  
[5–11]. Furthermore, literature specifies that a gross gait 
asymmetry may lead even to a high metabolic cost and 
other debilitating factors [5].Gait with prosthesis in self-
selected speed is slower in comparison with able-bodied 
gait and it varies according to a level and cause of 
amputation: lower level amputee walks faster than those 
with higher level of amputation [5, 12]. However, recent 
research investigates kinematic and kinetic parameters 
of prosthetic gait mainly in self-selected comfortable 
walking speed [11, 13–15]. This may mask real gait 
asymmetry and specific dynamic differences between 
intact and prosthetic limb which may only be seen 
during increased demands coupling with increased gait 
velocity. Unfortunately, there is a lack of studies of the 
prosthetic gait patterns and adaptive strategies in 
developmental cases of prosthetic gait as they are rare. 
Thus, the aims of our case study were 1) to describe 
gait pattern in a developmental case of prosthetic 
 
113 
 
Lekar a technika – Clinician and Technology 2019, vol. 49(4), pp. 112–118, DOI: 10.14311/CTJ.2019.4.02 
ISSN 0301-5491 (Print), ISSN 2336-5552 (Online) 
ORIGINAL RESEARCH 
gait―congenital tibial deficiency, and 2) to identify the 
gait asymmetry during different non-selected walking 
speeds. We hypothesized that gait asymmetry of joint 
kinematic, spatial-temporal, and kinetic gait parameters 
increase with increasing gait speed. 
Methods 
Study subject 
One male individual (age = 26 years, body height = 
176 cm, body weight = 65 kg) with partial unilateral 
congenital dysplasia of tibia on the right lower limb 
volunteered to participate in the study. In the early 
childhood, participant underwent surgery treatments: 
polydactyl removal, femoral de-rotation, and shank 
prolongation procedure. However, the prolongation 
procedure was not successful, furthermore, no trans-
tibia amputation was performed. Thus, participant has 
worn the daily multi-axial ankle-foot prosthesis Venture 
80A1 (Streifeneder ortho.production GmbH, Germany) 
adapted on his not fully developed foot from his 7 years 
of age to recent, 18 years in total. Participant regularly 
uses the prosthesis and has no other disabilities. He leads 
an active normal life with para sport activities. He is 
a national level para sport athlete in table tennis. 
Research was approved by an institutional ethics com-
mittee and participant signed an informed consent. 
Gait parameters 
This study focused on measuring selected joint kine-
matic, spatial-temporal, and kinetic gait parameters. As 
for joint kinematic parameters, we focused on angular 
range of motion of hip, knee, and ankle joint in sagittal 
plane. From spatial-temporal parameters, we observed 
step duration, double support duration, single support 
duration, and, step length. For investigation of kinetic of 
gait, we focused on inverse dynamic ground reaction 
force parameters: loading peak force, push-off peak 
force, peak ratio, impulse, loading rate, and push-off rate 
parameters. For investigation of gait asymmetry in the 
selected gait parameters, we chose a symmetry index 
(SI) commonly used for ground reaction forces sym-
metry assessment [16–18]. 
Measurement instrumentation 
The joint kinematic, spatial-temporal, and kinetic data 
for the intact limb (left leg) and prosthetic limb (right 
leg) during walking was recorded using the 3D 
kinematic analyzer CODA Motion System and ODIN 
software (Charnwood Dynamics Ltd., Leicestershire, 
England) and a treadmill with force plate—gaitway 3D 
treadmill, and user software designed by h/p/cosmos 
(h/p/cosmos Sports & Medical GmbH, Nussdorf, 
Germany) and by Arsalis (Université catholique de 
Louvain, Louvain-la-Neuve, Belgium). The gaitway 3D 
is a fully instrumented electronic single belt treadmill 
with running space of 150×50 cm including 4 strain 
gauge sensors measuring all the ground reaction force 
components during locomotion: the vertical, horizontal, 
and lateral. As a reliable measuring device with accu-
racy of ±2 N, it allows to complex biomechanical pa-
rameters during numerous continuous strides of walking 
to be collected and analyzed in even a limited lab space. 
Arsalis force amplifier includes 8 force channels with 
adjustable sensitivity 12–375 mN/bit and sampling rate 
up to 10 kHz. CODA Motion System is a motion capture 
system that used 3D active markers and CX1 sensor 
units with sampling frequency up to 200 Hz. In current 
study, four CX1 units were used and placed around the 
treadmill to ensure constant visibility of all active 
markers during the gait analysis. With a respect to the 
number of active markers placed on the individual all 
data were collected in a sampling rate of 200 Hz. 
Recorded markers data are automatically received by 
CODAHUB and processed in ODIN software with 
standard clinical analysis protocol that provides data 
management and automatically produce standardized 
gait reports. 
Lower body model was defined by markers set 
placement according to ODIN standard protocol for gait 
analysis, adapted from previous studies [19–21]. Pelvis, 
thighs, shanks, knees, ankles and feet were specified by 
combination of active markers, clusters, and virtual 
points. The active markers and clusters were placed 
directly on the lower body segments and ankle-foot 
prosthesis. The virtual points were defined by pointer 
stick placement and automatically derived from position 
of the clusters by the software. Pelvis position was 
determined by 4 active markers placed on anterior and 
posterior superior iliac spines. Thigh and shank were 
determined by clusters: one for the thigh and one for the 
shank of each side. Each foot was identified by 2 active 
markers: one on a dorsal aspect of the fifth metatarsal 
head and one on the upper ridge of the calcaneus 
posterior surface. Each knee joint was determined by 
2 virtual points: one on the medial and one on lateral 
femoral epicondyle. And, ankle joint of both sides was 
determined by 2 virtual points: one on medial and one 
on lateral malleolus. In this case of right ankle-foot 
prosthesis, pointer was placed to estimated positions of 
malleoli copying the left intact limb malleoli position. 
Measurement procedure 
The testing started by clinical assessment of both 
lower limbs: range of motion of the hip, knee and ankle, 
leg length and Galeazzi test. Participant had not any 
other health problem which would influence the gait 
parameters specifically. Walking motion analysis was 
performed on 3D treadmill in 5 different walking speeds 
ranges 2–6 km/h, starting from the slowest speed of 
2 km/h gradually rising to the fastest walking speed of 
6 km/h. Before the gait test, participant warmed up and 
got familiar by walking on speed of 1.5 km/h for 
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3 minutes. Then the speed was increased on 2 km/h and 
the walking measuring started. Every 2 minutes, the 
speed was gradually increased by 1 km/h, during contin-
uous walking, up to maximal speed of 6 km/h was 
achieved. After the last test on the speed of 6 km/h, 
speed was downwardly decreased on 2 km/h for a cool 
down phase. Minimum of 10 complete gait cycles were 
recorded for each of limb in all tested speeds after 60 s 
of speed increasing, in steady state walking. Participant 
was informed about the increasing the speed approxi-
mately 10 s before the increase, but not instructed about 
the technique or walking style. 
Data processing and analysis 
The symmetry index (SI) [17, 18] was calculated as 
the most important determinant for all the selected 
spatial-temporal and kinetic gait parameters. 
𝑆𝑆𝑆𝑆 [%] =
𝑋𝑋𝑃𝑃 − 𝑋𝑋𝐼𝐼
1
2(𝑋𝑋𝑃𝑃 + 𝑋𝑋𝐼𝐼)
× 100, 
where XP is a recorded gait variable for the prosthetic 
limb and XI is recorded gait variable for the intact limb. 
An absolute SI value of 5% and higher was considered 
as a gait asymmetry. Mean of 10 complete gait cycles 
for the each lower-limb and standard deviation (SD) 
were calculated automatically in ODIN software for 
angular range of sagittal plane motion of all the three 
lower limb joints. Descriptive statistical analysis was 
processed using Microsoft Excel (MS Office, 2007, 
USA). 
Results 
Clinical assessment of the case subject before testing 
is shown in Table 1. 
Table 1: Clinical assessment of lower limbs. 
Lower limbs I P 
ROM 
(°) 
Joint FL EX Total FL EX Total 
Hip 80 20 100 80 25 105 
Knee 125 0 125 95 -10 85 
Ankle 30 45 75 0 0 0 
Leg 
length 
(cm) 
True 88.5 72 
Galea-
zzi 
(cm) 
Thigh - -1 
Shank - -15.5 
ROM–Range of motion, I–intact limb, P–prosthetic 
limb. 
Results of joint kinematic gait parameters analyses are 
shown in Table 2. 
Table 2: Joint angular kinematic parameters (°) of hip, 
knee and ankle joints during walking speed 2–6 km/h. 
Walking speed 
(km/h) 2 3 4 5 6 
HIP_P      
ROM 
Mean 32.4 39.4 40.9 35.5 35.2 
SD 4.7 4.8 4.3 3.2 2.5 
Flexion 
Mean 25.2 30.7 32.8 31.9 33.2 
SD 2.4 3.1 1.2 1.5 1.1 
Extension 
Mean -7.2 -8.7 -8.1 -3.6 -2.0 
SD 3.9 3.8 3.9 2.8 2.0 
HIP_I      
ROM 
Mean 25.1 25.7 31.4 36.7 43.4 
SD 2.6 2.4 1.7 1.0 1.4 
Flexion 
Mean 18.7 20.4 24.8 27.8 32.2 
SD 2.4 2.6 1.7 0.9 1.3 
Extension 
Mean -6.4 -5.3 -6.6 -8.9 -11.2 
SD 1.4 1.4 1.3 0.6 0.6 
KNEE_P      
ROM 
Mean 37.2 46.6 46.3 50.6 55.0 
SD 2.9 4.2 5.1 1.5 1.1 
Maximal 
flexion 
Mean 47.7 56.4 54.2 54.1 56.1 
SD 2.2 4.1 3.8 1.5 1.0 
Minimal 
flexion 
Mean 10.5 9.8 7.9 3.5 1.0 
SD 1.4 0.9 1.7 0.7 0.6 
KNEE_I     
 
ROM 
Mean 52.3 56.6 60.9 62.7 66.0 
SD 2.3 2.3 1.8 0.6 1.2 
Maximal 
flexion 
Mean 46.1 52.6 55.5 55.8 56.9 
SD 2.1 1.5 1.1 0.8 0.9 
Minimal 
flexion 
Mean -6.3 -4.1 -5.3 -6.9 -9.1 
SD 1.6 1.2 1.2 0.6 0.9 
ANKLE_P      
ROM 
Mean 9.6 11.7 14.0 15.6 17.2 
SD 0.5 0.5 0.4 0.4 0.4 
Dorsal 
flexion 
Mean 15.1 15.2 15.5 15.6 15.5 
SD 0.3 0.2 0.2 0.3 0.3 
Plantar 
flexion 
Mean 5.5 3.5 1.5 0.0 -1.7 
SD 0.3 0.5 0.3 0.4 0.2 
ANKLE_I      
ROM 
Mean 14.7 13.9 16.2 18.2 25.3 
SD 1.9 1.8 2.4 2.4 1.8 
Dorsal 
flexion 
Mean 9.8 7.5 5.5 4.6 6.7 
SD 1.3 1.1 1.0 0.6 0.7 
Mean -4.9 -6.5 -10.7 -13.6 -18.6 
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Plantar 
flexion SD 1.0 2.3 2.3 2.2 1.5 
ROM–Range of motion, P–prosthetic limb, I–intact 
limb, positive values–flexion, negative values–
extension. 
Data analysis of spatial-temporal and kinetic parame-
ters between the slowest (2 km/h) and the fastest 
(6 km/h) speed is presented in Table 3 and Fig. 1. 
Table 3: Mean values and SD of spatial-temporal and 
kinetic parameters in two opposite speed values of the 
prosthetic limb, the intact limb, and the mean value and 
SD of both limbs. 
Parameters 2 (km/h) 6 (km/h) 
P I MEAN P I MEAN 
Loading peak force (N) 
Mean 660 647 654 732 941 836 
SD 11.5 13 13.7 31 31.80 111 
Push-Off Peak Force (N) 
Mean 623 648 636 568 779 674 
SD 8.84 13.6 17 27.40 29 110 
Peak Ratio 
Mean 1.06 1 1.03 1.29 1.21 1.25 
SD 0.02 0.01 0.03 0.08 0.05 0.08 
Impulse (N.s) 
Mean 360 398 379 260 301 281 
SD 11.8 18.1 24.4 7.53 6.97 22.4 
Loading Rate (N/s) 
Mean 3380 6390 4880 14700 20400 17600 
SD 568 1150 1770 1310 5220 4750 
Push-Off Rate (N/s) 
Mean 4080 4250 4170 7290 11200 9260 
SD 234 432 352 498 589 2070 
Step Duration (%stride) 
Mean 50 50 50 49 51 50 
SD 1.24 1.24 1.22 0.59 0.59 1.20 
Double Support (%stride) 
Mean 17.7 15 16.4 12.3 11.3 11.8 
SD 2.09 1.08 2.13 0.87 0.71 0.93 
Single Support (%stride)    
Mean 32.3 35 33.6 36.7 39.7 38.2 
SD 1.83 1.55 1.16 0.96 0.95 1.82 
Step Length (cm) 
Mean 36.5 27.7 32.1 73.1 72.7 72.9 
SD 2.46 2.91 5.22 2.11 2.36 2.21 
P–prosthetic limb, I–intact limb, SD–standard deviation. 
 
Fig. 1: Graphical illustration of strides average vertical 
ground reaction force (N) for intact limb and prosthetic 
limb during two opposite walking speeds: A–2 km/h, B–
6 km/h. 
Symmetry indexes of joint kinematic, kinetic and 
spatial-temporal gait parameters are shown in Table 4. 
Table 4: Symmetry index (%) of selected gait parame-
ters during walking speed 2–6 km/h. 
Walking speed (km/h) 2 3 4 5 6 
Hip_ROM (°) 25 42 26 -3 -21 
Knee_ROM (°) -34 -19 -27 -21 -18 
Ankle_ROM (°) -42 -17 -15 -16 -38 
Loading peak force (N) 1 0 0 -4 -13 
Push-Off Peak Force (N) -2 -2 -3 -7 -16 
Peak Ratio 3 2 4 3 3 
Impulse (N.s) -5 -3 -4 -4 -7 
Loading Rate (N/s) -31 -13 -20 -17 -16 
Push-Off Rate (N/s) -2 3 0 -15 -21 
Step Duration (%stride) 0 -1 -2 -2 -2 
Double Support (%stride) 8 7 4 1 4 
Single Support (%stride) -4 -4 -4 -2 -4 
Step Length (cm) 14 6 5 3 0 
Positive values–prosthetic limb, negative values–intact 
limb. 
Discussion 
In the case study, the prosthetic gait pattern of devel-
opmental case of prosthetic gait and gait asymmetry in 
joints kinematics, spatial-temporal and gait kinetics 
parameters were investigated in controlled different 
walking speeds in case of unilateral congenital tibial 
deficiency. From the results, developmental prosthetic 
gait pattern was described and gait asymmetry between 
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intact and prosthetic limb was identified for joint kine-
matics, spatial-temporal and kinetics parameters during 
different non-selected walking speeds. 
Developmental prosthetic gait pattern of joint kine-
matic is presented by increasing mean values of angular 
range of motion in all joints, while decreasing standard 
deviations, with increasing gait speed and in both lower 
limbs. Concretely, joint kinematics shows increasing 
range of motion in sagittal plane of hip, knee, and ankle 
with increasing speed for both limbs, except for the 
prosthetic hip range of motion which increases only 
non-linearly. However, the initial values of the pros-
thetic limb knee and ankle are lower than of the intact 
limb, except the hip. Recent research of acquired 
prosthetic gait refer that ankle range of motion is 
reduced when prosthetic and intact limb compared, and 
that intact limb has limited ankle range of motion in 
comparison with able-bodied [5, 10]. 
Greater hip range of motion in prosthetic limb in our 
study is probably produced by increasing flexion with 
faster gait speed, but simultaneously, there is a present 
decreasing extension, although small. It may be due to 
weakness of hip extensors muscles and compensatory 
mechanisms, i.e. restricted ankle plantar-flexion and 
insufficient push-off force, typically presented in ac-
quired prosthetic gait [10]. 
In the prosthetic limb knee, the clinical assessment 
showed a neutral knee position of 10° flexion. Thus, the 
knee may not be enough stable during stance phase as it 
does not lock into zero extension. This could be reason 
for compensatory bigger flexion range of the hip, to 
ensure foot clearance during forward progression, while 
the push-off force is not adequate in ankle. 
These changes may be dependent also on foot pros-
thesis type. Their influence on gait characteristics is 
described by research [7–10]. In one study [22], conven-
tional feet with single axis and flex-feet were tested to 
show ankle’s differences during the early stance phase 
of prosthetic gait. They founded non-controlled plantar 
flexion mobility in the conventional foot and decreased 
plantar flexion mobility in flex-foot type. In other study, 
authors Barth et al. [8] used motion analysis to test 
differences between 6 types of foot prostheses and 
between two groups of traumatic and vascular cases of 
amputation. They found differences in cadence, veloci-
ty, stride length and single limb stance between the 2 
groups. Furthermore, step length, late stance ankle 
dorsal flexion and kinetic parameters were found to 
differ between six types of prostheses versus intact limb. 
When we compare mean values of selected gait parame-
ters for intact limb, prosthetic limb, and the mean of the 
both in two opposite extreme speeds of walking—the 
slowest (2 km/h) and the fastest (6 km/h) speed, we can 
see that in most of parameters intact limb has higher 
mean values but also SD in comparison with prosthetic 
limb, with some exceptions. Primarily, these differences 
are represented by increasing mean values of each limb 
separately in the fastest walking speed, except the 
parameters: push-off peak force, impulse, step duration, 
and double support duration of the prosthetic limb; and 
double support duration of the intact limb, which 
decrease. Concurrently, the mean value of the both 
limbs increases with the walking speed too, except the 
impulse and double support duration. Thus, the intact 
limb is more variable in a compensatory gait pattern in 
comparison with prosthetic limb. This may be explained 
by the developmental case of wearing prosthesis, which 
starts usually in childhood. Thus, the compensatory 
mechanisms and adaptations to ankle-foot prosthesis 
progress during longer time and may be qualitatively on 
better level, in comparison with during life acquired 
prosthetic gait cases. 
Gait asymmetry between intact and prosthetic limb 
was evaluated using the symmetry index (SI) calcu-
lation. Results of SI analysis for joint kinematic 
parameters show values higher than 5% in parameter 
total range of motion (ROM) in sagittal plane for all 
three joints in all tested walking speeds, except hip 
ROM in speed of 5 km/h. Gait asymmetry is mainly on 
the intact limb side, except the hip ROM in slower 
walking speed in which the prosthetic limb presents 
asymmetry. Thus, the compensatory mechanisms in 
joint kinematic parameters during prosthetic gait are 
performed mainly by the intact limb. Furthermore, with 
increasing speed, the gait asymmetry decreases, except 
increased ankle ROM asymmetry in the fastest speed of 
6 km/h. 
Results of SI analysis of spatial-temporal parameters 
present opposite pattern. Gait asymmetry is mainly on 
the prosthetic limb side, but only for two (double 
support duration and step length) from total of 4 parame-
ters and only for slower speeds of 2–4 km/h. The com-
pensatory mechanisms in spatial-temporal parameters 
during prosthetic gait are performed mainly by the pros-
thetic limb. With increasing speed, the gait asymmetry 
of spatial-temporal parameters decreases, except the 
single support duration which almost does not change. 
Study of acquired prosthetic gait mentions that the 
stance duration is negatively correlated with walking 
speed and main reasons included discomfort of weight-
bearing on the prosthetic limb and inadequate confi-
dence [5]. However, it was not confirmed in our study 
of developmental case of prosthetic gait. Step duration 
and single support duration parameters present SI values 
for intact limb, but lower than 5%, thus not prove the 
gait asymmetry. It might show that developmental cases 
of prosthetic gait adapt qualitatively better than during 
life acquired cases of prosthetic gait and have different 
gait pattern. Recent research refer that foot prosthesis 
individuals exhibit longer step length on the prosthetic 
side compared to the intact side, probably to enhance 
dynamic stability [5]. Our results confirm this finding, 
however, just for the slower walking speeds. With in-
creasing walking speeds, the gait asymmetry for pros-
thetic limb in our study decreases. 
SI analysis of kinetic parameters during different 
speeds presents gait asymmetry only on the intact limb 
side but in all parameters, except the peak ratio. Only 
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loading rate parameter shows gait asymmetry in all 
walking speeds while loading peak force, push-off peak 
force, and push-off rate parameters only in the faster 
speed of 5–6 km/h and impulse only in the slowest and 
fastest speed. Additionally, loading peak force, push-off 
peak force, and push-off rate parameters have clear 
increasing trend in opposite to loading rate which de-
creases, with increasing walking speed. These findings 
are in accordance with research of acquired prosthetic 
gait that the intact limb naturally compensates insuf-
ficient push-off of passive-elastic ankle-foot prosthetic 
limb which misses ankle plantar-flexion muscles and 
tendons, thus insufficiently generate positive power 
during step-to-step transition [5, 7, 23]. 
Acquired prosthetic gait research usually measured 
gait just in self-comfortable speed of walking, in com-
parison with our study of gait in different controlled 
walking speeds. But, acquired prosthetic gait is naturally 
slower than able-bodied gait. Self-selected amputee gait 
speed ranges between 1.5 to 2.5 km/h [13] and normal 
comfortable average speed of gait is approximately 
5 km/h [12]. In our study, the gait is all the time mea-
sured continuously, just speed is gradually increasing. 
Thus, this method eliminates the gait variability and 
asymmetry during acceleration and deceleration phases 
of gait cycles which arise during level walking in a limit-
ed lab space. Furthermore, in this study case, we used 
3D treadmill to measure walking in controlled speeds 
with simultaneous 3D motion capturing. Thus, we may 
obtain more exact real gait data during different condi-
tions, i.e. even non-comfortable walking. Prosthetic gait 
analysis is mostly performed on the ground walking or 
walking treadmill [13, 14]. Authors Dingwell et al. [13] 
show using of walking treadmill for real time visual 
feedback with defined walking speed for assessment and 
therapy training of gait asymmetry in TT amputee, but, 
in self-selected comfortable speed. Other study used 
treadmill for controlling the speed at the three grades of 
speed but also, only self-selected speeds [14]. 
Our results identify developmental prosthetic gait 
pattern and the gait asymmetry during different walking 
speeds which demonstrate certain differences in com-
parison with during life acquired prosthetic gait pattern. 
Thus, these findings fill the gap in the prosthetic gait 
research and may serve as base for further research of 
developmental cases of prosthetic gait. 
Conclusion 
Unilateral congenital tibial deficiency is a rare devel-
opmental disorder which may lead to prosthetic manage-
ment. In the case study, developmental prosthetic gait 
pattern and the gait asymmetry during different walking 
speeds were identified. These findings complete the 
missing point in prosthetic gait research, concretely in 
developmental case of prosthetic gait and may serve as 
a base for further research of differences between 
developmental and acquired cases of prosthetic gait 
patterns. 
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